ABSTRACT: The effect of competition at feeding on specific categories of growing-finishing pigs was studied in order to provide an explanation for the increased variation in performance within pens previously seen in highly competitive feeding environments. Individual feed intake and feeding behavior, performance, and health were compared for relatively small, medium, and large pigs in pens of 16. Pens contained either one or two dry feeders during a period of ad libitum eating followed by a period of restricted feeding. Computerized feeders that registered the time and amount of feed consumed by each individual were used. Seven replicate groups on each of the two treatments (a total of 224 pigs) were studied. In the pens with only one feeder, the small pigs ate less (P < 0.05) and tended to have a lower daily weight gain (P < 0.10) than the small pigs in pens with two feeders. However, they had a better feed conversion efficiency (P < 0.05). The small pigs also had a different eating pattern. A considerably larger
Introduction
In 1992 the Danish National Committee for Pig Production published a report (Nielsen, 1992) in which they found that there were no negative effects on performance of having only one feeder, compared to three, for 14 growing-finishing pigs. It was speculated that even a slightly higher number of pigs per feeding place 
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part of their daily feed intake was consumed during the nighttime hours (P < 0.001) when only one feeder was available rather than two feeders. The large pigs ate more during the restricted period (P < 0.01) and had a lower carcass meat percentage (P < 0.05) in the pens with one feeder. Some differences in feeding behavior between the two levels of competition were seen for all categories of pigs. No difference in health was observed between pigs in the one-and two-feeder pens for any size category of pigs. In conclusion, the inability of the small pigs to get access to feed in combination with overeating by the largest individuals caused the variation in performance seen within pens with a high level of competition at feeding (one feeder for 16 pigs). From a welfare point of view, feeding systems causing a high level of competition may be detrimental when considering all individual pigs in pens, even when it is possible to achieve acceptable production results on average.
would be acceptable. Other studies of the number of pigs per feeder space have also failed to demonstrate any effects on the performance of the pigs (Hansen et al., 1982; Nielsen et al., 1995) . However, recent studies (Botermans and Svendsen, 2000; Georgsson and Svendsen, 2001 ) have demonstrated that a highly competitive feeding environment (one feeder for a group of 16 pigs) causes a large variation in daily weight gain and carcass meat percentage within growing-finishing pigs. These effects can, without considering the difference in the average daily weight gain, make it difficult for efficient pig production due to the resulting prolonged emptying time of the units. Animal welfare may also be a concern; the results of Botermans et al. (2000a) indicated more skin injuries and more forced withdrawals from the feeder in the highly competitive environment. In the present study, the effect of competition on specific individual group-housed growing-finishing pigs was studied to determine the reason for the increased variation previously observed (Botermans and Svendsen, 2000; Georgsson and Svendsen, 2001) . The performance, feed intake, feeding behavior, and health of small, medium, and large pigs were compared between pens with one or two feeding places for 16 growingfinishing pigs. Individual feed intake and feeding behavior were recorded using computerized feeding stations (IVOG system, Insentec, Marknesse, The Netherlands).
Materials and Methods

Animals and Management
The investigation was carried out at Odarslöv research farm (Department of Agricultural Biosystems and Technology, Swedish University of Agricultural Sciences) in a closed herd of about 50 sows. All pigs were reared at the facility and were of mixed breeding ([Yorkshire × Swedish Landrace] × Hampshire). All pigs had an individual identity assigned from birth. Piglets with undocked tails were reared as intact litters and weaned at 5 wk of age. The male piglets were castrated before 2 wk of age. At 12 wk of age (approximately 25 kg live weight), they were moved into the growingfinishing unit and mixed to form groups of 16 with a maximum within-pen variation in weight, sex, and genetic background (SD in body weight at introduction was approximately 5 kg). The sex distribution was the same in both systems and for all weight categories. The pens consisted of a solid lying area with an adjustable area between 0.33 m 2 and 0.57 m 2 per pig and a slatted dunging area of 0.45 m 2 per pig, resulting in a total area per pig between 0.78 m 2 and 1.02 m 2 . The size of the pen was adjusted to the size of the pigs in two steps during the growing-finishing period. The adjustments were made approximately 2 wk after introduction and at the onset of restricted feeding around d 40 after introduction and were made at the same time for all pens. The lying area was cleaned daily, if necessary, and about 2 kg of chopped straw was provided daily on the lying area of the pen. The building had windows allowing natural daylight. Artificial light was used during maintenance hours, weighing, and other handling of the pigs. For further details regarding housing see Georgsson and Svendsen (2001) .
The growing-finishing pigs were fed dry, crushed pellets (crumbs) of a standard commercial diet (Slaktsvinsfoder, Singel pelletskross, Lantmä nnen, Sweden; content per kg: metabolizable energy, 12.4 MJ; crude protein, 146 g; and lysine, 8.4 g). They were given ad libitum access to feed until the pigs had reached an average live weight of 65 kg. After that the pigs were fed restrictedly, on a pen basis, 2.65 kg/d per pig until slaughter. The pigs had constant access to four drinking valves per pen, all located in the dunging area.
Experimental Design
A total of 224 pigs were used in this experiment, which consisted of two treatments, one or two singlespace feeders per pen for a group of 16 pigs. Seven replicates were carried out in sequence, each with one pen equipped with a single computerized feeder and one pen with two computerized feeders (IVOG stations, Insentec). The feeders automatically registered time and weight of the feed trough when a pig with an ear transponder entered and exited the feeder. The gates of the feeders provided the eating pig with protection for the head and neck. For a more detailed description of the feeders see and Georgsson and Svendsen (2001) . In a previous paper we have reported that using an IVOG station gave the same production results, measured as daily weight gain and variation within pens, as conventional feeders did but with a slightly poorer feed conversion efficiency (Georgsson and Svendsen, 2001) . In the present study, data were collected every day from introduction until 3 to 6 d before delivery to slaughter. The investigation was carried out over a 3-yr period and pigs were introduced during all seasons. The feeders were placed in a corner of the pen such that the eating pig and the activity around the feeders did not disturb the pigs in the resting area of the pen. In the pen with two feeders the feeders were placed side by side, resulting in a distance of about 70 cm between the feed troughs. This distance was enough to prevent one pig from occupying both feeders at the same time.
At introduction, the 16 pigs in each pen were assigned a category for statistical purposes according to relative initial weight so that the five lightest pigs in a pen formed the group of small pigs, the five heaviest formed the group of large pigs, and the six remaining pigs consequently formed the group of medium-sized pigs. They did not change groups during the study under any circumstances.
Observations
The computerized feeders automatically registered the feed intake of each individual pig . Obviously false data were corrected manually. When false registrations were made (e.g., when the pigs put a foot in the trough or hit the trough too hard in attempts to get access to the feed), the feed intake for that particular visit was corrected by subtracting the weight of the feed trough at the beginning of the succeeding visit from the weight of the feed trough at the end of the preceding visit. In cases in which it was impossible to calculate the correct feed intake for a visit (due to a number of consecutive false recordings), the average of the feed intake for the 2 d prior to the day in question was used to make a reasonable estimation of the feed intake. The feeders provided information that enabled calculation of the following variables for each individual pig: number of visits per day (24 h), daily feed intake (ADFI), amount of feed consumed per visit, daily eating time, length of time per visit, number of visits during the night (12 h, 2000 to 0800), feed intake during the night, eating time per night, percent-age of feed consumed during the night, daily nonfeeding time in the feeder (time with the head in the feeder without feed consumption), number of nonfeeding visits (visits to the feeder without feed consumption), and eating rate (calculated from [total feed per day]/[total daily eating time]). All the above variables were calculated for each week for the individual pigs. These data were then used to calculate the results for the ad libitum (growing) period and the period of restricted feeding (finishing) separately.
All pigs were weighed once a week and 3 to 6 d before delivery to slaughter. The final weight for the pigs in all pens was calculated from the carcass weight at slaughter, using a dressing percentage of 74%. These figures were used to calculate daily weight gain (ADG). For feed conversion efficiency (G/F)(g live weight gain/ kg feed), the observed live weight at the last weighing before slaughter was used because there were no observations of individual feed intake after that because the transponders were removed. The individual commercial carcass meat percentage was measured using a Hennessy grading probe and recorded at slaughter.
For each pen, performance was calculated for the small, medium, and large pigs as a group based on the data from the individual pigs for the growing period, the finishing period, and for the entire growing-finishing period. As for all animals in the research herd, any health problem or other treatment was noted for each individual (Svendsen et al., 1988) . Any remark from the body and organ inspection at slaughter was also noted for each individual pig (later called slaughter notations). For each pen the percentage of animals in each of the weight groups with health problems or slaughter notations was calculated.
Statistics
All performance and behavioral results were calculated as means for the respective weight groups in the pens. Interaction effects between weight group (small, medium, or large) and treatment (one or two feeders) for the variables measured in the study were tested using a split-plot model (with treatment as main plot and weight group as subplot) (Proc GLM of SAS; SAS Inst. Inc., Cary, NC). Because significant interaction effects were found for most variables (Table 1) , only comparisons within each weight category were made in the further analysis. Analysis of variance was used to detect treatment differences between pigs of the same weight category, where replicate was always used as a block-effect in the model. For diseases and slaughter notations, the data were nonnormal and Wilcoxon's nonparametric test (SAS Inst. Inc.) was used to test differences between the two levels of competition for each weight group. Differences were considered significant when P < 0.05.
Results
There were eight pigs removed from the study (from a total of 224 pigs), three from the one-feeder pens and five from the two-feeder pens, all in the first two replicates. At most, three pigs from the same pen were removed. In seven cases the reason for removal was tail-biting; four of these were the tail-biters (these were physically healthy pigs) and three were tail-bitten. The tail-biters and tail-bitten pigs were removed promptly to prevent the behavior from spreading within the pen and to other pens. One pig in a two-feeder pen was excluded due to lack of data about initial weight.
There were significant interaction effects between initial weight group and treatment for most variables of the study. For ADG, ADFI, feed per visit, and percentage of feed consumed at night the interaction was significant during both the ad libitum and the restricted feeding periods. For other variables, G/F, time per day, feed at night, and visits at night, the interaction was significant for only one of the periods (see Table 1 ).
The performance of the small pigs in the pens was impaired when only one feeder was used for 16 pigs. The ADG of the small pigs in the one-feeder pens was 90 g less than that of the small pigs in the two-feeder pens (Figure 1) . The difference was seen for both the ad libitum and the restricted feeding periods (P < 0.10)( Table 2 ). The medium-sized pigs showed no difference in ADG, but there was a tendency for the large pigs to have a higher ADG in the one-feeder pens than in the two-feeder pens.
The small pigs in pens with one feeder also had a significantly lower ADFI than the small pigs in the pens with two feeders. During the ad libitum period, the ADFI differed significantly between the animals in oneand two-feeder pens for the small pigs, whereas during the restricted period the small pigs in the one-feeder pens only tended to have a lower ADFI. No differences in feed intake could be detected for the medium-sized pigs at the two levels of competition. The large pigs had a significantly higher ADFI of 35 g/d more in the onefeeder pens during restricted feeding, which resulted in a 20-g higher ADFI for the entire growing-finishing period even though there was no difference during the ad libitum period.
The G/F was significantly better for the small pigs with only one feeder for the whole period and during the ad libitum period, whereas there was no difference during the period of restricted feeding between small pigs in pens with one or two feeders. No significant differences in G/F were detected for the medium and large pigs.
The carcass meat percentage for the large pigs was a whole percentage unit lower for the animals in the one-feeder pens, whereas the small pigs in the one feeder pens tended to have a higher meat percentage than those in the two-feeder pens (Figure 2) .
The feeding behavior of the individual pigs in the size categories was registered and is shown in Table 3 and Figure 3 . With two feeders, the number of feeding visits increased significantly for all pigs except for the medium-sized pigs during the ad libitum period. The amount of feed consumed per visit was generally higher when only one feeder was available for the large pigs, whereas the small and medium-sized pigs only increased the amount of feed eaten per visit when they were fed restrictedly. The amount of time spent eating per 24 h was greater for the small and medium-sized pigs when they had access to two feeders. Conversely, the large pigs did not show any tendency to spend more time eating when there were two feeders available in the pen. During the ad libitum period, the duration of each visit was longer only for the large pigs in the onefeeder pens; the small and medium-sized pigs had the same visit duration in both treatments. During the restricted period, all categories of pigs had longer visits where there was only one feeder. When allowed to eat ad libitum, pigs in all categories consumed more feed during the night (2000 to 0800) when only one feeder was available. The difference appeared to be greatest for the small pigs (Figure 3) . Obviously, the pigs were able to eat more during the nighttime in the one-feeder pens than in the two-feeder pens when fed restrictedly because the troughs were emptied earlier in the two-feeder pens. The same pattern as for nightly feed intake was observed for the time spent eating during the night.
The rate at which the pigs consumed feed (eating rate) did not increase at all for the small or large pigs with increased competition. There was a tendency for the medium-sized pigs to have a higher eating rate with only one feeder. The nonfeeding time in the feeder, during which the pig occupied the feeder without eating, and the number of nonfeeding visits per day were the same at the two levels of competition for all categories of pigs when they were allowed to eat ad libitum. Nonfeeding time in the feeder did not differ between the treatments during restricted feeding. The medium and large pigs did have a higher number of nonfeeding visits per day during restricted feeding when there were two feeders (12.7 vs 7.3 visits/d and 10.5 vs 4.6 visits/d for the medium and large pigs, respectively).
No differences in the total number of health problems or any category of health problem (diarrhea, tail-biting, lameness, muscle disease, or other disease) were observed between the one-and two-feeder pens for any of the size categories of pigs.
In general, the number of slaughter notations was low compared to the average for the whole slaughterhouse (about 8 vs 17 to 18%). No differences between the two levels of competition were detected for any of the weight categories. The most common notation was for arthritis or periarthritis, which was noted for about 2.4% of the pigs.
Discussion
In the present study, the feeding behavior and performance of individual group-housed pigs was studied. An interaction effect between the weight group at introduction and number of feeders was found for most variables in the study. This showed that competition affects the small and the large pigs differently, and it would therefore not be suitable to study the effects of competition on pen means. Because of this interaction, the results for pigs of the same size category in two levels of feeding competition were compared. It was shown that the relatively small pigs in pens with a high level of competition consumed less feed than the relatively small pigs in pens with a lower level of competition. This appeared to be the primary explanation for the greater variation in performance seen among pigs subjected to a high level of competition for feed (Hansen et al., 1982; Botermans and Svendsen, 2000; Georgsson and Svendsen, 2001 ). In addition, the relatively large pigs in pens with a high level of competition (access to one feeder) con- sumed more feed than those experiencing a lower level of competition (access to two feeders). The large pigs in the present study probably had access to as much feed as they pleased in both systems, because the feed was restricted on pen basis and not individually.
The assertion that the large pigs were free to eat as they preferred in pens with one feeder was supported by the fact that they did not spend more time eating when provided with two feeders, in contrast to the small and medium-sized pigs. The large pigs were apparently stimulated by the competition to eat more at the expense of the smaller pigs in the pens (for a review on social facilitation see Hansen et al., 1982) . This resulted in a numerically higher ADG for the large pigs in the one-feeder pens but also a considerably poorer meat percentage and numerically poorer feed conversion efficiency. One reason for "overeating" might be a desire to show superior rank in the group (Hansen and Hagelsø, 1980; Hansen et al., 1982) . This phenomenon should not be possible in pens with multiple feeding places, in which one pig cannot "guard" all the available feed. Ten pigs with one feeder should therefore not be regarded to be the same situation as 20 pigs with two feeders where one pig cannot occupy all the feeders.
In a study of group-housed sows (Brouns and Edwards, 1994) it was found for sows eating ad libitum that the low-ranking animals could achieve feed intake comparable to that of higher-ranking sows by changing their feeding strategy to eating smaller but more frequent meals and spending a lot of time waiting for access to the feed. However, with restricted feeding, the low-ranking sows did not manage to get access to the feed and thus gained less weight than the highranking animals. In the present study, it was clear that competition affected the feeding behavior of the growing-finishing pigs in general, with the most evident change seen among the smallest pigs in the pens. In pens with two feeders all pigs ate a little less than one-third of the ADFI during the 12 nighttime hours. Furthermore, in the pens with only one feeder the large pigs also ate about one-third of their feed at night. Thus, it may be assumed that one-third can be considered as a "normal" or a preferred level of nightly feed intake under the circumstances of the present trial. This is in good agreement with the diurnal pattern of feed intake that has been demonstrated in group-housed pigs in several investigations Young and Lawrence, 1994; Botermans et al., 2000a) and in individually housed pigs Nielsen et al. 1996a) . The much higher level of feed consumed during the night by the small pigs (more than half of their ADFI) must therefore be considered to be a result of a forced change in their eating pattern. Despite this change, the small pigs were unable to compensate for the high level of competition. The small pigs reached a point at which they could not cope with the situation by altering their behavior, which is a criterion for a state of stress in the motivational theory of stress as given by Jensen and Toates (1997) .
Increased eating rate has been considered to be a sign of social constraint (Nielsen, 1999) . In a study such as ours, when the competition for feed increases a higher rate of eating would be expected. Interestingly, neither the large nor the small pigs showed any tendency to have different eating rates in the two treatments. This would not be so surprising for the large pigs because they were expected to have high positions in the hierarchy and thereby had the privilege of eating in their preferred manner. For the small pigs, the result was a little more intriguing. One theory could be that small pigs in the treatment with two feeders ate at their maximal capacity and therefore were unable to increase this rate when subjected to an even higher level of competition. The tendency observed for the medium-sized pigs to increase their eating rate when only one feeder was present supported this theory. These animals were put under a higher social pressure and were able to respond to a certain extent. As in the study by Nielsen et al. (1996b) , a higher number of visits to the feeder was seen with less competition. This could be expected to lead to an effect on digestion; Botermans et al. (2000b) have demonstrated that many small meals instead of one large meal per day result in a higher output of enzymes from the exocrine pancreas. Frequent small meals have also been observed to lead to a higher lean tissue content of the carcass (de Haer et al., 1993; Ramaekers et al., 1999) . In the present study only the large pigs had a higher meat percentage when the group had access to two feeders instead of one. To some extent, pigs changing feeders within the same meal could explain the higher number of visits to the feeders observed in the twofeeder pens.
A common husbandry practice used by stockpersons to cope with production systems that provide a highly competitive environment for the pigs is to sort them at introduction to form groups that are as homogenous as possible. This is done to reduce the diverging effect of the competition by avoiding the presence of a group of "small" pigs in the pens. However, this procedure can add another strain on the pigs. According to Rushen (1987) a large variation in body size in a pen is preferable to a homogenous group in order to reduce fighting by facilitating a stable, easily distinguishable hierarchy. When dealing with conditions leading to high competition by making homogenous groups, we might be adding another strain and creating an even more stressful environment for the pigs. Environmental stressors can have additive negative effects on the animals (Hyun et al., 1998) , and thus, sorting pigs into homogenous groups may not be a good management practice when there is competition to feed. It probably is better to provide more feeding places.
In conclusion, previous reports have shown that a highly competitive environment results in a large variation in daily weight gain among the pigs in the pens. The variation cannot be explained simply by the fact that the small pigs in the pen eat less and therefore have a poor growth rate. The higher feed intake of the large pigs also plays a role. It is also clear that the small pigs try to compensate for the competition by Figure 3 . The relative feed intake during night as a percentage of the feed intake over the whole 24 h during the period of eating ad libitum for the three size categories of pigs in pens with one or two feeders for 16 pigs. Error bars represent the SE. The P-values are for the comparison between the same size category at the two different levels of competition.
altering their feeding behavior but they are still not able to achieve the feed intake and performance of small pigs in a less-competitive environment and their welfare is thereby compromised. To maximize performance and animal welfare, feeding systems must be designed to facilitate feed consumption for the low-ranking pigs and prevent the high-ranking ones from excessively occupying the feeder.
Implications
Because of the negative effects of highly competitive feeding systems on the welfare and production of relatively small pigs, these systems should be avoided. Poor performance of a few pigs in a pen with a good average production still results in long emptying times of the buildings or sections and longer intervals between batches, ultimately affecting production economics. When pigs are fed restrictedly, a trough with enough space for all pigs to eat at the same time is recommended. When feeding pigs unrestrictedly, feeders can be a good alternative provided that there are not too many pigs per feeding place.
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